As both mesotheliomas and squamous carcinomas can present a wide variety of morphological patterns, they can on occasion be confused. Recently, some groups of investigators have called attention to the difficulties that sometimes exist in distinguishing between these malignancies and the need to define a panel of markers that can assist in reaching the correct diagnosis. The aim of the present study is to compare the value of the various immunohistochemical markers currently available for the diagnosis of mesothelioma and squamous carcinoma of the lung. A total of 30 epithelioid pleural mesotheliomas exhibiting a solid or predominantly solid pattern, and 30 nonkeratinizing squamous carcinomas of the lung were investigated for the expression of the following markers: podoplanin, calretinin, mesothelin, WT1, keratin 5/6, keratin 7, p63, carcinoembryonic antigen (CEA), MOC-31, Ber-EP4, B72.3, BG-8 (Lewis y ), leu-M1 (CD15), and thyroid transcription factor-1 (TTF-1). All 30 (100%) of the mesotheliomas reacted for calretinin, mesothelin and keratin 7, 93% each for podoplanin, WT1 and keratin 5/6, 13% for Ber-EP4, 7% each for p63, MOC-31 and BG-8, and 0% for B72.3, CEA, leu-M1 and TTF-1. All 30 (100%) of the squamous carcinomas were positive for p63 and keratin 5/6, 97% for MOC-31, 87% for Ber-EP4, 80% for BG-8, 77% for CEA, 57% for keratin 7, 40% for calretinin and B72.3, 30% for leu-M1, 27% for mesothelin, 15% for podoplanin, and 0% for WT 1 and TTF-1. After analyzing the results, it is concluded that from a practical point-of-view, a combination of two positive mesothelioma markers (WT1 and calretinin or mesothelin) with two negative mesothelioma markers (p63 and MOC-31) would allow the differential diagnosis to be established between epithelioid mesotheliomas and squamous carcinomas of the lung in nearly all instances.
An important characteristic of mesotheliomas is their ability to exhibit a broad range of cytomorphologic features and a wide variety of histologic patterns. When they present a tubular or a papillary pattern, they can be confused with adenocarcinomas and when they exhibit a sarcomatoid morphology, they can be confused with sarcomatoid carcinomas, or sarcomas composed of spindle cells or having pleomorphic features. Epithelioid mesotheliomas growing in a solid pattern can be confused with a variety of non-small-cell carcinomas, including squamous carcinomas. Both squamous carcinomas and mesotheliomas can be composed of large polygonal cells with dense eosinophilic cytoplasm, or clear cells, or they may exhibit a sarcomatoid morphology.
The pleura can be involved by squamous carcinomas either as a direct extension of a primary squamous carcinoma of the lung into the pleural cavity, or as a metastasis from a squamous carcinoma originating in the lung or in an extrapulmonary site. Squamous carcinomas can extensively involve the pleura with encasement of the lung, thus mimicking a mesothelioma both clinically and radiologically, [1] [2] [3] and squamous carcinomas have even been reported in workers exposed to asbestos under the term 'pseudomesotheliomatous' carci-noma. 1 Furthermore, cases of concomitant mesothelioma and squamous carcinoma have been documented. 4, 5 In one instance, a mesothelioma was intimately admixed with a squamous carcinoma of the lung forming a collision tumor. 4 Over the past two decades, numerous studies have been published on the value of immunohistochemistry as an ancillary technique in the diagnosis of mesotheliomas and there is general agreement that this method is extremely useful in the diagnosis of these tumors. The primary focus of the large majority of these investigations, however, has been on the distinction between epithelioid mesotheliomas and adenocarcinomas, especially those originating in the lung, but very little has been published comparing the immunoprofiles of epithelioid mesotheliomas and squamous carcinomas. Additionally, several groups of investigators 3, 6 have called attention to the difficulties that sometimes exist in distinguishing between the latter malignancies and the need to define the panel of markers that can assist in this differential diagnosis. The purpose of the present study is to determine whether the various markers that are currently used to discriminate between epithelioid pleural mesotheliomas and lung adenocarcinomas have the same diagnostic value in distinguishing between epithelioid mesotheliomas and squamous carcinomas of the lung. Particular emphasis will be placed on those markers that have recently become available and for which there is evidence that they could assist in the diagnosis of mesotheliomas. To my knowledge, a comprehensive study comparing the immunoprofiles of epithelioid pleural mesotheliomas and squamous carcinomas of the lung has not yet been published.
Materials and methods
The material used in this study was obtained from the files of the Department of Pathology at the University of Texas MD Anderson Cancer Center. It consisted of 30 epithelioid mesotheliomas and 30 squamous carcinomas of the lung. As the mesotheliomas that are the most likely to be confused with squamous carcinomas are those presenting a solid pattern, all of the mesotheliomas selected for this study exhibited a solid or a predominantly solid morphology. The diagnosis of mesothelioma was made using WHO criteria on hematoxylin and eosin stained sections combined with immunohistochemical, ultrastructural, and clinical features. 7 All of the squamous carcinomas selected for the study were nonkeratinizing squamous carcinomas of the lung since these are the tumors that are most likely to be confused with mesotheliomas. Immunohistochemical studies were carried out on formalin-fixed, paraffin-embedded tissue sections using the avidin-biotin-peroxidase complex method in a Dako AutoStainer (Carpinteria, CA, USA). The primary antibodies that were used are listed in Table 1 . The immunostaining was carried out using the LSAB2 peroxidase kit (Dako). To enhance the immunostaining, a heat epitope retrieval procedure was performed using a Black-and-Decker (Shelton, CT, USA) vegetable steamer as previously described. Depending on the antibody, the buffer solutions used were either sodium citrate buffer, pH 6.0, or a 10:1 solution of Tris-EDTA buffer, pH 8.0. Enzymatic pretreatment with 0.2% protease, type XXIV, (Sigma Chemical, St Louis, MO, USA) in Tris-EDTA buffer saline, pH 7.3, at room temperature for 2 min, was used with the Ber-EP4 antibody. The antigen-antibody reaction was visualized using 3-amino-9-ethylcarbazole or 3,3 0 -diaminobenzidine tetrahydrochloride as chromogen. To evaluate the specificity of the antibodies, known positive and negative tissues were used as controls. The immunostaining was graded on a sliding scale of 1 þ to 4 þ according to the percentage of reactive cells (trace, o1%; 1 þ , 1-25%; 2 þ , 26-50%; 3 þ , 51-75%; 4 þ , 76-100%).
Results

Immunohistochemical Findings
The immunohistochemical results are summarized in Table 2 .
Podoplanin
Of the 30 mesotheliomas, 28 (93%) were positive for podoplanin. In eight of these cases, the staining was graded as 4 þ , in 10 as 3 þ , in six as 2 þ , and in four as 1 þ . In the better differentiated tumors and in those exhibiting papillary features, the reaction was characterized by a continuous membranous reactivity along the apical cell membranes ( Figure 1a ). In the solid and less differentiated tumors, the reaction was less consistent, at times appearing to encircle the cells or in other instances, exhibiting a discontinuous staining pattern (Figure 1b) . On occasion, intracytoplasmic, globoid-like positivity was seen. Ultrastructural studies demonstrated that this pattern of positivity was associated with the presence of small intracytoplasmic lumens. A total of 15 (50%) of the 30 squamous carcinomas were also podoplanin positive. The positivity usually occurred in the outer cells of the neoplastic nests and the staining pattern was primarily membranous and often occurred along the entire surface of the cells (Figure 1c) . In one case, however, the staining was more diffuse and often involved the entire tumor nest. The reactivity was graded as 3 þ in one case, 2 þ in four, and 1 þ in 10.
Calretinin
All 30 (100%) mesotheliomas reacted for calretinin. In all instances, the staining was strong and diffuse (3 þ or 4 þ ) and occurred in both the nucleus and the cytoplasm (Figure 1d ). In all, 12 (40%) of the squamous carcinomas were also calretinin positive. In three of the cases, the reaction was graded as 3 þ , in three 2 þ , in five 1 þ , and trace in the remaining case. The reaction was both nuclear and cytoplasmic, which is similar to that seen in the mesotheliomas (Figure 1e ). Wilms' tumor 1 (WT1) protein WT1 positivity was seen in 28 (93%) of the 30 mesotheliomas. In most of the cases, the staining was strong and diffuse (3 þ or 4 þ ) and was confined to the nuclei ( Figure 1f ). All of the squamous carcinomas were negative for this marker.
Mesothelin
All 30 (100%) mesotheliomas were positive for mesothelin. The reaction was usually strong and diffuse, and it was characterized by a thick, membranous staining pattern. Positivity was also seen on the limiting membrane of the intracytoplasmic lumens when they were present ( Figure 2a ). 
Diagnosis of epithelioid mesotheliomas and squamous carcinomas NG Ordóñez
Eight (27%) of the squamous carcinomas exhibited mesothelin positivity and in most instances, the staining was focal (Figure 2b ). The reaction occurred in over 50% of the cells (3 þ ) in only one case.
p63
All 30 (100%) of the squamous carcinomas were p63 positive and in all of the cases, the reaction was nuclear, strong and diffuse ( Figure 2c ). Only two of the 30 mesotheliomas were p63 positive. In one case, the reaction was graded as 3 þ and in the other, as 2 þ (Figure 2d ).
MOC-31
In all, 29 (97%) of the 30 squamous carcinomas of the lung exhibited MOC-31 reactivity. In most cases, the staining was strong and occurred in the cytoplasm and along the cell membrane. Only two of the mesotheliomas reacted with this antibody and in both of these cases, the staining was limited to a few scattered cells.
Ber-EP4
Of the 30 squamous carcinomas, 26 (87%) stained with the Ber-EP4 antibody. In 13 of the cases, the staining was strong and diffuse (3 þ or 4 þ ) and occurred in both the cytoplasm and cell membrane (Figure 2e ). Four (13%) of the mesotheliomas exhibited Ber-EP4 positivity in a limited number of cells. The staining was graded as 1 þ in two cases, and trace in the remaining two.
BG-8
A total of 24 (80%) of the 30 squamous carcinomas of the lung stained with the BG-8 antibody. In nine cases, the reaction was strong and diffuse and occurred in both the cytoplasm and cell membrane ( Figure 2f ). Only two (7%) of the mesotheliomas exhibited BG-8 and in these cases, the staining was limited to a few cells.
Leu-M1 (CD15)
Only nine (30%) of the 30 squamous carcinomas stained with the leu-M1 antibody. In all instances, the staining was focal (1 þ or 2 þ ). None of the mesothelioma cases reacted with this antibody.
Carcinoembryonic antigen (CEA)
Of the 30 squamous carcinomas, 23 (77%) exhibited CEA reactivity. The staining was cytoplasmic with accentuation of the reaction along the cell membrane. None of the mesotheliomas were positive for this marker.
B72.3
In all, 12 (12%) of the 30 squamous carcinomas of the lung reacted with the B72.3. antibody. The reactivity was focal and usually confined to small areas of the tumor. In five of the cases, the reaction was graded as 1 þ , and trace in the remaining seven.
No reactivity was observed in any of the mesotheliomas.
Keratin 5/6
Of the 30 mesotheliomas, 28 (93%) exhibited keratin 5/6 expression. The staining was strong (3 þ or 4 þ ) and evenly distributed throughout the cytoplasm in 17 of these cases. Keratin 5/6 positivity was observed in all 30 (100%) of the squamous carcinomas.
Keratin 7
All 30 (100%) of the mesotheliomas stained for keratin 7 and the reaction was usually strong and diffuse. In all, 17 (57%) of the 30 squamous carcinomas were keratin 7 positive. In three cases, the reaction was graded as 4 þ , in four as 3 þ , in five as 2 þ , in three as 1 þ , and as trace in the remaining two.
Thyroid transcription factor-1 (TTF-1) All of the mesotheliomas and squamous carcinomas were negative for TTF-1.
Discussion
While it is generally accepted that immunohistochemistry is a useful ancillary technique in the diagnosis of mesothelioma, very little information is available regarding its use in the distinction between these tumors and squamous carcinomas as most of the published studies have focused on differentiating mesotheliomas from lung adenocarcinomas. In my experience, the differential diagnosis between squamous carcinomas and mesotheliomas can, on occasion, be very challenging, particularly when the latter tumors present a solid or predominantly solid morphology, and the tissue sample is limited. It is also important to be aware that some of the markers that have proved to be very useful in discriminating between epithelioid mesotheliomas and adenocarcinomas do not have the same degree of sensitivity and/or specificity for distinguishing between epithelioid mesotheliomas and squamous carcinomas. For example, because keratin 5/6 and thrombomodulin are often expressed in epithelioid mesotheliomas, but not in lung adenocarcinomas, immunostaining for these markers is often used to distinguish between these two malignancies. 8 However, neither of these markers has any utility in discriminating between epithelioid mesotheliomas and squamous carcinomas since both are also often expressed in squamous carcinomas. 6, 9 Podoplanin and the D2-40 monoclonal antibody that was raised against an unidentified M2A protein derived from germ cell tumors were initially considered to be two different mesothelioma markers. [10] [11] [12] Recent investigations, 13 however, have determined that D2-40 specifically recognizes podoplanin, a 38 kDa mucin-type transmembrane protein that was first detected on the surface of the rat glomerular epithelial cells (podocytes) and that was found to be linked to the flattening of foot processes in puromycin-induced nephrosis.
14 Because podoplanin has been shown to be expressed in epithelioid mesotheliomas, but not in lung adenocarcinomas, it has been proven to be a very useful immunohistochemical marker in discriminating between these malignancies. [10] [11] [12] 15 In the present investigation, 93% of the mesotheliomas showed podoplanin positivity which was strong and diffuse in the majority of the cases. These results are similar to those previously reported using either the D2-40 antibody 10, 12, 15 or another commercially available antipodoplanin monoclonal antibody (AngioBio Company). 11, 12 Conflicting results were obtained in the only two studies investigating podoplanin expression in squamous carcinomas of the lung. 12, 15 In one of these investigations, published only in abstract form, Sienko et al 15 reported weak reactivity in 44 (50%) of 88 squamous carcinomas of the lung, but no details were given regarding the staining pattern. These results are in contrast to those obtained by this author in which no podoplanin expression was demonstrated in 10 squamous carcinomas investigated. 12 In the present study, podoplanin expression was shown in 50% of the cases and, with the exception of one case, the staining was focal and typically occurred in the peripheral cells of the tumor nests. This pattern of reactivity appears to be similar to that observed by Schacht et al 13 who recently reported podoplanin expression predominantly in the basal layer of the large majority of their squamous carcinomas of the skin. Since in the current study this distinctive staining pattern only occurred in squamous carcinomas, when present, it may have some utility in distinguishing these tumors from mesotheliomas in which the reaction is frequently diffuse and the exclusively basal distribution is not seen. Additionally, podoplanin immunostaining in mesotheliomas may disclose a papillary pattern in the solid areas of the tumor that is not apparent on hematoxylin and eosin stained preparations; however, this staining pattern is absent in squamous carcinomas.
Calretinin is one of the first of the so-called 'positive' mesothelioma markers that was found to be useful in the diagnosis of mesothelioma. 16, 17 In 1996, Doglioni et al 16 reported strong calretinin expression in all 36 epithelioid mesotheliomas, but only focal staining was found in 28 (10%) of 294 adenocarcinomas of various origins and in 10 (18%) of 55 squamous carcinomas also of various origins. While many subsequent investigations have confirmed the usefulness of calretinin immunostaining in the differential diagnosis between mesotheliomas and lung adenocarcinomas, 8, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] only a relatively few studies have been published on the expression of this marker in squamous carcinomas of the lung. 3, 6, 26, 30 In the present investigation, all of the mesotheliomas exhibited diffuse strong positivity for calretinin, thus confirming the findings of previous studies. 8, 16, 18, 22, 25, 26, 31 A total of 12 (40%) of the squamous carcinomas in the current study exhibited calretinin positivity and even though the staining was focal in most instances, in three of the cases, it was strong and diffuse.
WT1 protein is one of the recently recognized positive mesothelioma markers that, because it is frequently expressed in epithelioid mesotheliomas but not in lung adenocarcinomas, has been found to be useful in discriminating between these malignancies. 8, 32, 33 WT1 positivity was observed in 28 (93%) of the epithelioid mesotheliomas in the present investigation, thus confirming the results of previous studies that this marker is often expressed in these tumors. [31] [32] [33] [34] [35] [36] None of the squamous carcinomas, however, exhibited WT1 expression which is in agreement with the results reported by others indicating that non-small-cell carcinomas of the lung, including squamous carcinomas, are negative for this marker. 34, 35, 37 Mesothelin is a cell surface glycoprotein of unknown function that was first described as the antigenic target of the K1 monoclonal antibody. 38 In 1992 using this antibody, Chang et al 39 reported strong reactivity in all of their epithelioid mesotheliomas, but in none of the lung adenocarcinomas and, consequently, they suggested that this marker could assist in the differential diagnosis between these malignancies. These observations, however, were not confirmed by more recent investigations using the newly available 5B2 antimesothelin antibody. 6, 40 In the present study, mesothelin expression was demonstrated in all epithelioid mesotheliomas and in eight (27%) squamous carcinomas. While mesothelin is not specific for discriminating between these malignancies, some differences were observed in the staining patterns of these tumors. In the mesotheliomas, the pattern was usually membranous, strong, and diffuse, but when staining occurred in the squamous carcinomas, it was focal and more variable. Additionally, mesothelin immunostaining often disclosed the presence of intracytoplasmic lumens in mesotheliomas, but not in squamous carcinomas.
p63 is a recently characterized nuclear transcription factor that shares a high structural homology with p53. 41 Its gene, located on 3q27, encodes at least six different isoforms that are divided into those that share transactivating functions with p53 and those that suppress these functions. The latter group of p63 molecules is thought to help maintain the stem/basal cell population and is found in the basal (stem) cells of the stratified epithelia, hair follicles, skin, and prostate, and in myoepithelial cells of the salivary gland and breast. 42 Expression of p63 has been investigated in a variety of tumors, and it has been found that the p63 gene is amplified and the protein is overexpressed in squamous carcinomas of various primary sites. Most of the studies that have investigated p63 expression in tumors used the 4A4 antibody that detects all p63 isoforms by Western blotting. In the present investigation using the 4A4 antibody, strong p63 positivity was demonstrated in all of the squamous carcinomas. These results are in agreement with those previously reported in the literature in which expression for this protein occurred in 80-100% of the squamous carcinomas of the lung. [43] [44] [45] [46] [47] Only two studies, with relatively few cases, have investigated the expression of p63 in mesotheliomas and in neither did any of the cases exhibit positivity for this protein. 44, 48 In the present study, two (7%) of the mesotheliomas expressed p63. This finding indicates that, although uncommon, p63 expression can occur in these tumors, but when present, the percentage of positive cells is usually lower than that seen in squamous carcinomas. It should also be mentioned that p63 has also been reported in 12-33% of the lung adenocarcinomas, 43, 45, 49 a finding which indicates that p63 immunostaining has no utility in distinguishing these tumors from mesotheliomas. MOC-31 is a monoclonal antibody that recognizes an epithelial cell adhesion molecule (Ep-CAM), also known as human pan-carcinoma-associated epithelial glycoprotein-2. Since this antibody reacts with most carcinomas, but only rarely and patchily with epithelioid mesotheliomas, at present, it is considered to be one of the most sensitive and specific of the so-called 'negative' mesothelioma markers for distinguishing between epithelioid mesotheliomas and adenocarcinomas. 8 The percentage of MOC-31 reactivity reported in lung adenocarcinomas has ranged from 90 to 100% of the cases and in most instances the staining was described as being strong and diffuse. 8 This is in contrast to mesotheliomas in which MOC-31 reactivity has been reported in o10% of the cases and the staining was limited to a few cells or to small focal areas of the tumor. 8, 21, 50, 51 Only a few studies with a limited number of cases have investigated the reactivity of this antibody with squamous carcinomas of the lung. 8, 52 In one of these studies, 8 MOC-31 positivity was reported in all six (100%) of the squamous carcinomas investigated. In the present investigation, 29 (97%) of the squamous carcinomas, but only two (7%) of the mesotheliomas, stained with this antibody. While the reaction was usually strong and diffuse in the squamous carcinomas, in the mesotheliomas, it was limited to a few tumor cells. These results indicate that this marker could assist in distinguishing between these tumors.
Ber-EP4 is a monoclonal antibody that, like MOC-31, also recognizes the Ep-CAM molecule. 53 The percentage of Ber-EP4 reactivity reported in lung adenocarcinomas has ranged from 96 to 100%, 8, 21, 22 and from 0 to 35% 8, 22, 25, 54, 55 in epithelioid mesotheliomas. Only a few studies have been published on the reactivity of Ber-EP4 in squamous carcinomas of the lung and the percentage of positivity has ranged from 29 to 100% of the cases. 3, [54] [55] [56] In the present investigation, 87% of the squamous carcinomas and 13% of the mesotheliomas reacted with Ber-EP4. Since the reactivity in squamous carcinomas was often strong and diffuse, in contrast to that seen in the mesotheliomas which, when it occurred, was usually limited to small focal areas of the tumor, Ber-EP4 could be useful in assisting in distinguishing between these tumors.
BG-8 is a monoclonal antibody that recognizes the blood group Lewis y . The percentage of BG-8 positivity reported in lung adenocarcinomas has ranged from 89 to 100% and in mesotheliomas from 6 to 23%. 8, 33, 57, 58 Only one study has investigated the reactivity of the BG-8 antibody in squamous carcinomas of the lung. 59 In that study, 10 (83%) of the 12 squamous carcinomas were reported as being BG-8 positive. In the present study, 24 (80%) of the squamous carcinomas, but only two (7%) of the mesotheliomas, reacted with this antibody and in contrast to the often strong staining seen in the squamous carcinomas, in the mesotheliomas, it was limited to a few cells.
Since the report by Sheibani et al 60 in 1986 indicating that leu-M1 (CD15) was a useful immunohistochemical marker in the diagnosis of mesotheliomas, leu-M1 immunostaining has often been used in the differential diagnosis between mesotheliomas and lung adenocarcinomas. Only a few studies, however, have investigated the expression of this marker in squamous carcinomas of the lung. 3, 56, 61, 62 In the present investigation, nine (30%) of the squamous carcinomas and none of the mesotheliomas were positive for leu-M1. These findings indicate that, because of its low sensitivity, this marker has no practical utility in distinguishing between these two malignancies.
CEA is one of the markers that is most often used in distinguishing mesotheliomas from lung adenocarcinomas. In the present study, 23 (77%) of the squamous carcinomas, but none of the mesotheliomas expressed this marker. These findings confirm previous observations indicating that CEA is often expressed in squamous carcinomas of the lung. 63 Although some earlier studies reported CEA positivity in a relatively high percentage of mesothelioma cases, it is now believed that CEA expression, if it occurs in these tumors, is a rare phenomenon. 8 B72.3 is one of the earliest negative markers for mesothelioma that proved to be useful in distinguishing between mesotheliomas and adenocarcinomas. The percentage of lung adenocarcinomas that have been reported to react with this antibody has ranged from 75 to 85% of the cases, whereas, mesotheliomas have usually been negative. 8, 25 In squamous carcinomas of the lung, the reported percentage of B72.3 positivity has ranged from 45 to 84% of the cases. 59, [64] [65] [66] In the present investigation, 12 (40%) of the squamous carcinomas exhibited B72.3 positivity and the staining was usually limited to small areas of the tumor or a few scattered cells. These findings indicate that B72.3 immunostaining, although useful in distinguishing between lung adenocarcinomas and epithelioid mesotheliomas, 8 has no utility in discriminating mesotheliomas from squamous carcinomas of the lung.
TTF-1 is a nuclear tissue-specific transcription factor that is expressed in normal lung and thyroid, as well as in tumors derived from these organs. 67 Although there is general agreement that the large majority of lung adenocarcinomas express TTF-1, 8, 67 there is disagreement in the literature regarding the expression of this marker in squamous carcinomas of the lung. In some of the earlier studies, which used a polyclonal antibody against TTF-1, positivity for this protein was reported in 11-23% of the squamous carcinomas of the lung. [68] [69] [70] Subsequent investigations using the 8G7G3/1 monoclonal antibody, however, have shown that TTF-1 expression is usually absent in these tumors. 47, [71] [72] [73] [74] [75] In the present investigation, none of the squamous carcinomas of the lung or the mesotheliomas exhibited TTF-1 positivity. While these findings indicate that TTF-1 immunostaining is not useful in discriminating between these malignancies, it may have some utility in distinguishing squamous carcinomas from lung adenocarcinomas since this marker is often expressed in the latter tumors. 8 In the present investigation, all 30 of the squamous carcinomas, and 28 (93%) of the mesotheliomas were positive for keratin 5/6, thus confirming previous reports indicating that this marker is usually expressed in both of these tumors. It should be emphasized, however, that even though keratin 5/6 does not have any utility in discriminating between these two malignancies, it can be useful in differentiating between squamous carcinomas and lung adenocarcinomas as the latter tumors are rarely positive for this marker. 9 Although there is general agreement that both mesotheliomas and lung adenocarcinomas usually express keratin 7, some controversy exists regarding its expression in squamous carcinomas of the lung. While keratin 7 expression has not been demonstrated in squamous carcinomas of the lung in some studies, particularly the earlier ones, 76-81 recent investigations have reported positivity for this marker in 22-33% of the cases. 59, 72, 82 In the present study, 17 (57%) of the squamous carcinomas showed keratin 7 positivity, a finding which confirms that this keratin peptide can be expressed in squamous carcinomas of the lung and, therefore, immunostaining for this marker is not useful in distinguishing these tumors from either epithelioid mesotheliomas or adenocarcinomas of the lung.
The value of a large number of immunohistochemical markers in distinguishing between epithelioid mesotheliomas and lung adenocarcinomas was recently investigated by this author. 5 The conclusion of that study was that calretinin, keratin 5/6, and WT1 were the best positive mesothelioma markers, and CEA, MOC-31, Ber-EP4, and B72.3 were the best of the negative mesothelioma markers for assisting in the differential diagnosis between these malignancies. The results of the present investigation demonstrate, however, that some of these markers do not have the same value in discriminating between epithelioid mesotheliomas and squamous carcinomas of the lung. Since WT1 was found to be expressed in 90% of the mesotheliomas, but in none of the squamous carcinomas, this marker appears to be the best of the positive mesothelioma markers for this differential diagnosis. Calretinin and mesothelin can also be useful, but even though both of these markers are more sensitive than WT1, they are less specific. It should be emphasized, however, that a negative staining for both calretinin and mesothelin is strong evidence against the diagnosis of epithelioid mesothelioma. Among the group of negative markers, p63, MOC-31, Ber-EP4, CEA, and BG-8 were expressed in the large majority of squamous carcinomas, but not in mesotheliomas. p63 has the advantage over the four previously mentioned markers in that not only is it strongly and invariably expressed in squamous carcinomas, but it also may assist in distinguishing these tumors from lung adenocarcinomas which only occasionally express this marker. From a practical point-of-view, a combination of two of the positive mesothelioma markers and two of the negative ones usually allows the distinction to be made between epithelioid mesotheliomas and squamous carcinomas. Because of their specificity and sensitivity in reacting with mesotheliomas, the best combination appears to be WT1 and calretinin or mesothelin for the positive markers and p63 and MOC-31 for the negative. If lung adenocarcinoma is also included in the differential diagnosis, keratin 5/6 and TTF-1 could be added to the panel. Keratin 5/6 is usually expressed in squamous carcinomas but not in lung adenocarcinomas, and TTF-1 is expressed in the large majority of lung adenocarcinomas but not in squamous carcinomas of the lung. As the novel mesothelioma marker podoplanin is often expressed in epithelioid mesotheliomas, but it is absent in lung adenocarcinomas, it can be useful in distinguishing between these tumors, but its value in discriminating between epithelioid mesotheliomas and squamous carcinomas appears to be somewhat more limited.
